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OF CONDITIONSOF TITANIUMCARBONIZATION- IV

By G. A. Meersonand Y. M, Lipkes

k a previous paper (referenoe1), resultsare presentedof
aoourateinvestigationsof the prooessesof titaniumcarbonization
and the succeedingtitaniumoarbidedemrbonlzathn as relatedto
the phenmenon of the @aphitizationof sootby heatingat a mn-
stanttemperaturein atmospheresof pureh@rogen and carbonmn-
oxide. Thesetestsshowedthat the processesof titanium
carbonization-deoarbonizationin an atmosphereof pure gaseswithout
nitrogenproceedin the samedirectionas the analogousprooesses
(referencesland 2) walerthe renditionsof the productionfurnme.
m this ease,however,the presenoe of a~~es of nitrwen ~~es.
the quantitativeresultsof the deoarbonizationprocess.

Thermod_io amputationsconfirmingthe resultsof previous
testsmnducted at atmosphericpressureand additicmaltests of
titaniumcarbcmizationat loweredpressureseme presmted herein.

E’VALUATIONOFTEST RESULTSON PROCESSOF TITANIOM

CARBONI!ZATIONATATMOSP=CPRESSURE

ThermodynamicComputations

The purpuseof the followingmnputations is to mnfirmthat
the orderof experimentallydeteminedqitude of the loweringin
mntent of the combined-bon by e~osing titantumoarbldeat mn-
stanttemperatureoan be based on energydumges oocurringin the
systemas a resultof graphltizatimof initialsoot (usedfor
titeniumcarbonization).

(1)C=bcmizationin an atmosphereof oarbonmonoxide. By
mnslderlng the react%on

TiO + 2C#TiC + CO (1)

--- *“IssledovaniaUslovilCarbonizatziiTetana.” Zhournal
PrikladnoiKhimii. Vol. 18, nos. 4-5, 1945,p. 251-258.
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t
and by assumingthe formationof a pontinuoueseriesof solidsolu-
tionsof TiO - TiCj the equilibriumconstantfor reaotion(1)is
fomwd as

[gl ~~where [TiO]
Tic’ to TiO in
Ization,

— —

(2)

equalto the ratioof the molar omcentrationsof
— -- —

the solidsolutionwith the productsof carbon-

The assumptionof the mntinuous seriesof solidsolutions
TiO - TiC is basedon the faot that TiO and TiC crystallizein

the sametype of latticeswith dose periods (4.15~ and 4.32~,
respectively).This assumptionis, by X-ray investigationsof dif-
ferentpointsof the system TiO - TiC, unconditionallyconfi~ed
in the rangeof statesabove10 percent Ccmb and d~s not con-

tradictit sven in the rengeof smalloarbonoontent;however,in
thisrange,the numberof investigatedpointsfor establishingthe
continuityof the series TtO - TiC overthe enttrerange is insW-
ficient.

It is necessary,moreover,to oonsiderthatthe behaviorof
the system TiO - TiC may differfrgn the behaviorof the usual
solidsolutionsbeoausein passingfrom TiO to TiC, the ohar-
acterof the Interatcmiobonds in the latticeIs chan@d (frcm
prevailingionicbondsto prevailingmetallicbonds). Thus, the
mathematicallawsfollowingfran equation(2)may not be observed
overthe entirerange of the series TiO - TiC.

In the ccunputedresultsgivenhereinas mmpared with the
experimentalresults,however,the system TIO - TIC IS considered
o~y in a certain l&ited ra&e wherethe existence
tions is knuwn.

For thesetests, Pco = 1 atmosphere and K =

For reaction(1)with graphite,the dependence
libriummnstsnt on the

us

where AFO is the free

temperatureIs expressedby

energyof the o=bonization

Of solid SOhl-

[TiC--l[TiO “

of the equi-

(3)

reaction(l).
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For the samereactionwith soot (“atmospheric”Goal)

lg$=lgumn=.
[TtO]“

where AfO is the f%ee energyof the graphitizationof coal.

3

(4)

By subtractingequation(3)from equatian(4),the followlng
equationis obtainedfor 19000C (productiontemperatureof
carbonization):

lg3KJ ‘g~=wr-’gw==~=,, ‘5’
For the approximate computation of the magnitude of free energy

of graphitization AfO, Falke’sequations(refermce 3) are used
by givingthe valuesof the equilibriummnstants of the Budoir
reaoticmfor the oaseswith graphiteand with atanosphericcarbon

c+

the

by extrapolatingthesee~ua~ionsto 1900°C. -

By computingthe valuesof lg ~ for the Budoirreacticm,

C02 = 2C0, for the oaseswith graphitesad atmosphericoarbon,

correspondingvaluesof the free energyare derived,starting
from the relati&s

- A@ = - ~ ~,graphitegraphite
● 4.571 ● T

The differencebetweenthesetwo valuesof the free energyof the
Budoirreactioncorrespondsto the free energyof graphitization:

.Afo=.
[‘“@aphite - ‘amorphous 1

= - 4.571 “ 2173( lg ~,graphite - lg ~,anorphous)

= - 9165 oalories
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By substitutingthe valueof -AfO as derivedfrom equa-
tion (5),the changein stateof the titanium-cxntalnl~phasein
equilibriumwith eitherthe soot (inthe initialperiodof the
carbonizationprocess)or the graphite(afterseparationof the
greaterpart of the aotivesootand graphitizationof its remainder
in the carbonizationprocess)may be computed.

H as initialmagnitudethe valueof [TiC] is takenoorre-
[=] -

spendingto the solidphaseof titantumin the stableconditions,
that is, afterthe establishingof equilibriumas a resultof pro-
longedexposurein the”furnme,it is thenpossibleto computethe
stateof titaniumoarbideat the startof the mrbonizationprocess
frcm equation(5).

After prolongedexposure,the oontentof the combin{doarbon
in titaniumoarbideis assumedto be equalto 17 percent(corre-
spond~ to more aoouratetestsof the presentinvestigationin an
atmosphereof purenonnitrogenouscarbonmonoxide)and in the pres-
ence of “amorphous”oarbon(soot),the equilibrium”mntent COO*

In the titaniumoarbldeIs foundto inoreaseup to the levelof the
theoreticaloontent(computationsgive 19.9peroentas o~pared
with 20 percentthemetieal),whioholoselyagreeswith obtained
testresultswherethe oontentof Comb in the presenceof soot

In the initialstage of mrbcmizationreaohed19.2to 19.6percent.

(2)Carbonizationin an atmosphereof hydrogen. The equation
of the totalreactionof tlhnium carbonizationin an atmosphereof
hydrogensaturatedwithhydrooarbonsIs of the sametype as the
equationof the reactionin an atmosphereof CO

TIO+C&=TiC+~+CO

(6)

Totalreaction: TiO + 2C =TIC + CO (1)

Acmn?dlngto reaction(1),the processof titaniumdeoarbon-
izationin an atmosphereof hydrogenwillnot, however;proceedin
the reversedirectionas In an atmosphereof carbonmonoxide.

Aocordingto the reaotion,however,

2Tlc+&tii+ c&-- (7)
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with the correspondingliberationof free oarbon
*

C2H2 = 2C + ~ (8)

As was previouslyfound,free titaniumwill not separateout
but reawdnsin the same latticeof the type TiC with part “empty”
oarbonplaoes,whichmay be consideredas a lattioeof a solid
solutionof the pseudobinarysystem TiC - Ti.

Amxmdhg to the investigationsof Y. lluans~and S. Khidekel,
the minimummntent of ocmbinedcarbonin the system Ti - C, for
which a latticeof the type TIC is maintained,is 7 percent.

By addingreaotion(7)with the simultaneouslyproceeding ‘
reaotim (8)of the oarbonwith the hydrogen,the followingtotal
reactionis obtained:

Ti,C=Ti+C (9)

By analogousconsiderations,the equilibriumconstantof
reaotion(9)oan be formedas a funotionof the variablestateof
the solidtitaniumphaseby amounting for the restrictionof the
solidsolution TiC - TI

‘=F!!EZ!=
or

E-TK.a ‘icl
Ti

where a ts a constantfaota relatedto
saturatedsolidsolutl~ of Ti h TN.

the comentratim of the

By mmparingthe conditionsof equllibrlumofreaotlon(9) in
the presenceof “amorphous”oarbonat the startof the carbonization
processand in the presenceof graphiteaftera prolongedexposure,
the toll- equationis obtained analogousto eqwtion (5)of
the premding seotimn:
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lg K“ -lg K’=
[ r 1-[’:.w+d18IT~c~+1%a

orfor 1900°C
.

18 Kn - lg K’ = ~ [TiC]”
w +

[TIC ‘ -
- lg TiJ!

2AP
4.571 ● 21?3

‘ (lo)

where AfO is the free energyof graphitizatlonj9165aalories.

Thus for the given ease, the ohange in state of the titanium
phaseIn equilibriumeitherwith the sootor with the graphitemay
be as readilycomputedas for the system

TiO -TiC-C-CO

and thesemmputatlonsleadto the sameresultsas the analogous
Computationsfor the syst,emTIO - Ti.C, n~ely, that in thepres-
ence of sootundermetastiablecmnditicmeat the startof the car-
bonizationprooess,a cmntentof Comb that Is near the theoret-
icalvaluemay be obtainedin the titaniumcarbide.

Experimentaldata likewiseshowthatthe mntent of uombined
oarbonin titaniummrbide, both for the stableconditionsafter
prolongede~osure as well as for the metastableconditionsof the
Initialperiodof exposure,agreefor the caseswherethe reactions
proceedIp an atmosphereof pure co and of pure H2.

It wouldappearthat the reaoticm TiO + 2C = TiC + CO,
aocountlng for the formation of the solid solution TiO - TiC from
bltig hydrogen throughthe furnaceand washingout the CO from
the reaotla chamber,shouldproceedfrom leftto right.

The fac$tthat heatinga mixtureof carbonmonoxidewith oarbon
resultsin a mntinuous separationof oarbonmonoxidefrom the
surfaoeof the partioles TIO - TiC must be considered.Under
thesemnditione, it may be assumedthat on the surfaceof the
partioles TiO - TiC a certainadsorptionlayerof the oarbonmon-
oxideIs maintained;thu_sindependentlyof the dilutionof mrbon
monoxideby the surroundinghydrogen,the newlyfozmmdmolecules
of CO must overoomethe totalpressureof the surroundinggas
medlumand not the pressureoorrespondingtothe loweredpartial
pressureof the CO.

u
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Shenkarrivedat a similar conclusionwith regardto the
directformationof iron (reference4).

The precedingconsiderationsconcerningthe mechanismof
titaniumcarbonizationand decarbonlzatkmin an atmosphereof CO
and H2 and the changein stateof the solidphaseas a function

of the changein concentrationof the hydrocarbonsin the gas
mediummay be representedby the hypotheticaltrinsrydia~
(fig*1).

The syetem Ti - TIC h figure1 differsfrom the system
!rio- TiC in that in the first cas9 there is a boundaryof the
regionof solidsolutions Ti - TiC with a 7 to 20 peroentrange
In carboncontent. Below 7 peroentof CC-, thereis a new

solidphasethat,underthe conditionsof a hydrogenmedium,may
be representedas a phasebasedupon titaniumhydride.

DEHINDENCEOF SI!ATESOF TITANICM-CARBONIZATIONPRODUOTS

ON PRESSUREAND TEMPERATURE

The investigationsdescribedhave shownthatwithinthe range
of temperaturesup to 20000C at atmosphericpressureit is impos-
sibleto obtainpure titaniumc=bide of theoreticalcomposition
understableconditions.The shiftingof the equilibriumof the
reaction TiO + 2C = TIC + CO fixm leftto right is possibleby
decreasingthe pressurein the reactionspaoe.

The followingtests concerntitaniumcarbonizationat lowered
pressures. Thesetestswere mmducted in the sameelectricalfur-
nace previouslydescribedin reference2 in an a-sphere of pure
carbonmonoxide. For the maximumapproachto the conditionsof
equilibrium,an attemptwas made to obtaina constantoompositim
of the carbonizationproductfor each test by doublingthe exposure
time. After the requiredexposureand the coolingof the furnace,
a semplewas takenfor analysis.

The conditionsof the testsand theirresultsare shownin
tableI and in figures2 wd 3.,

CONCLUSIONS
.

1. The studyof the prooessof titaniumcarbonizationat
19000 c by heatinga m=ure of Ti02 + C ~ a-spheres of P~e
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mrbon monoxideand purehydrogenconfirmedpreviousobservations
(oonductedunderproduotl~-furnaoeconditions) concerningthe
attainmentof the maximumsaturationof the formedtitaniumoarblde
with mrbon (upto 19.5peroent)at the very st- of the process
and its subsequent deoarbmization by exposure of the product in
the.furnaoe at constant temperature.

The content of ocmblned oarbon in titanium oarbide rich in
oarbauis lowered to about 17 ercentas a resultof its exposure

8In a mixturewith coalat 1900 C In atmospheresof pure CO and

%“

2. Analysisof the samplesof titaniumcarbtdedeoarbonized
In an atmosphereof pure hydrogenchowthatthe numberof gram
atms of titaniumexoeedsthe sum of gramatomsof caublnedoarbon
and the remainingoxygen. As a resultof the decarbopizationin
an atmosphereof hydrogen,productswith “empty”plaoesin the
crystallatticeof TiC are thereforeobtained.

In the easeof deoarbonizationin an atmosphereof pure CO,
however,the numberof gramatcmeof titaniumis equalto the sum
of the gram almpsof oomblnedoarbonand oxygen. Thus,in the
deosrbonizationof titaniumoarbideIn an atmosphereof CO, a
reverseinterchangeof part of the atcmmof the carbonIn the
titaniumoarbideby oxygenocours(processof titanium carbide
Oxldatim by oarbonmauoxide). .

3. The phenmena descn?ibedin mnoluslone 1 and 2 are explained
by the ohangein the de~ee of dispersityof the sootat the time
of the oarbonlzationprocess;the Initiallyattainedmetastable
saturationof the titaniumoarbidewith carbonin the presenoeof
soot,oloseto t,hetheoreticalcompositionof TiC, is not main-
tainedupon e~osure of the oarbide in the furnace beoause of the
deareased aoting surface of the soot.

The orderof the e~rlmentally obtaineddifferencein the
oauposltionof the metastableoarbon-saturatedproductat the steo?t
of the o=bonizationdange and the demrbonizedproduotas a
resultof prolongedexposureis mnflrmed by computationsthat take
Intoaccountthe ohangein the ftwe energyof the systemas a result
of the graphltizatimnof the soot. —

4. The presenoeof an admixtureof nitrogenin the furnaoegases
(asis usuallythe caseunderproductionocinditicms)servesas an
additionaloauseof titanium-mrbldedeoarbonizaticmdue to the
reaotlon
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2Tic+N~+Hp2TiN+c*

Underthe prautioalrenditionsof testsmade in a produoticm
furnace,the oontentof combinedcarbonin the titaniumcarbide
durhg 1- exposurewas loweredby the presenceof 14 to 14.5per-
oentnitrogen. As analysesof suoh deoarbonizedproductsshowed,
the plaoesin the crystallatticethat havebeen freedfran oarbon
atcmsare occupiedby atcmsof nitrogen,as a resultof which
single-phaseproducts(solidsolutions)of the system Ti - C - 0 - N
are obtained.

5. The testson titaniumcarbonizationbyheatlng the mixture
Ti02 + C at loweredpressuresconfirmedthe assumptionthat at a
temperatureof about2000°C, the pure titaniumoarbide (TiC)
at atmosphericpressureis not stable and that to obtainpure
TiC under stable wnditions, titanium oarbonizatimshouldbe
conduotedin a vacuum.

Translatedby S. Reiss
NationalAdvisoryCommittee
for Aeronautics

1. Meerson,and Lipkes: Zh. P. IQI.,vol. XII, 1759,1939.

2. Meerson,and Lipkes: Zh. P. ~., VO~. XIV, 291, 1941.

3. Fal.ke: Zeitsohr. f. Elek., 1, 1927.

4. Shenk: Physioal Ohemlstry of MetallurgloalProcesses. 1,
185, 1935. (h Russian.)
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